With the reference architecture model for Industries 4 ． 0 (RAMI4.0) ,smart manufacturing ecosystems, and the architecture for intelligent manufacturing systems proposed by Germany, the US, and China, respectively, an increasing market heat and reaction have focused on devices or assembly lines. It is obvious that people put more emphasis on hardware than software. If we compare the smart factory to a person, then the industrial software can be regarded as its nervous system and the MES is more important than others. MES is between a plan layer and a manufacture layer. It divides produce plans into more detailed steps and makes devices act correctly and orderly according to the plan. On the same time, it responds to production process in time and adjusts, changes or interposes current process basing on realtime data. In this article, the construction idea, design principle, hierarchical division and main functional blocks of MES are argued. An actual case of MES applied on the factory which produces new energy power battery system is shown and the digital comparing effect is also given before and after implementation. Someone who is system architect or developer of MES can get some useful info from this article.
INTRODUCTION
It is well known that traditional production site management is like black box operation, shown on poor production dynamic information sharing, lack effective monitoring tools of process stability and other production site information. The problem can only be remedied afterwards, resulting in chaotic inventory management, material delivery is not timely. It is backward and cannot reflect the production progress of the project in time. At the same time, due to the lack of information system support, it cannot integrate and share information with ERP system. This has been unable to meet the complex and ever-changing needs of today. Therefore, how to make the black box operation transparent, find out the problems affecting the production process management, improve the real-time and flexibility of the plan, and improve the production efficiency have become a concern of every enterprise [1] . The MES (Manufacturing Execution System) provides an effective way for the plant site management to transparently manage the production process, and makes up for the defects of ERP or MRP that focus on the control of the plan and cannot monitor the execution of the manufacturing site. We can get production information in the production site, materials and manufacturing processes timely and make corresponding decision through bar code recognition technology, RFID radio frequency identification and other automated data collection methods. Through the MES, an integrated production site control and material support platform and a complete production process database can be established to meet the real-time monitoring and scheduling requirements of the on-site management of the production process, and can help enterprises through process control and analysis tools such as SPC. So it can help companies improve product quality and customer satisfaction needs continuously.
DESIGN PRINCIPLES
If we design and plan MES, we must consider the actual situation of the factory. The key elements include the actual situation of the production line, and establish according to the principles of Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to poston servers or to redistribute to lists, requires prior specific permission and/or a fee. 
Practicality
MES must integrate the actual needs of the factory to meet the needs of related businesses closely, focus on solving various manufacturing problems in the manufacturing process, fully integrate with other systems of the production plant, and determine the system objectives and implementation contents according to the needs of the development of the factory.
Specification and Open
The design must meet the requirements of the industry and national information system design and development standards and specifications, follow the industry computer network information system database format specifications, follow the relevant specifications of software, hardware, automation and other systems.
It has good scalability and can adapt to the needs of future organization and process improvement. The system design adopts various software and hardware equipments, which should conform to international and domestic common standards, and conform to the principle of openness. It must be consistent with the trend of technology development to ensure system opening.
Advanced and Integrated
The project should cooperate with the company's base for resource integration, process optimization and technical transformation, effectively improve the management level and work efficiency, meet the company's current operational management requirements and the enterprise development requirements in the coming period.
The system complies with the ISA-95 standard (MES system integration standard), integrated with advanced mainstream technology and implementation platform. It utilizes system modeling tools to realize functions and processes configurable to ensure that the software system has strong scalability. We must ensure that the MES is integrated with the underlying equipment and integrated with ERP and other systems. On the other hand, the integrity, unity and timeliness of data must be guaranteed, so that the system can be highly open.
Real-time and Accuracy
The system is designed and developed according to the international standard data interface specification. It adopts the advanced mainstream technology and implementation platform. It adopts the optimization algorithm, collects and processes a large amount of production data, and ensures the real-time and accurate transmission of production information.
Reliability and Safety
The system design should be safe and reliable. The system structure, network structure, technical measures, equipment selection, etc. are stable and available, ensuring that the system can have 7×24 hours of continuous operation capability. It adopts strict user authentication and encrypt key information.
Maturity, Ease of Use and Maintainability
We adopt mature and advanced technology in system realization. We provide humanized interface operation, and consider the maintainability of the system so that the final user can operate the system with flexibility, convenience and easiness.
CONSTRUCTION IDEA
The construction of the MES takes the production order execution as the main line, and uses the information flow contained in the business process to integrate the production factors, such as people, machines, materials, laws, loops, etc. The main ideas of design MES are creating a unified information support platform which have such characters: efficient collection, analysis, decision making and feedback mechanisms [2] . Based on this platform, a closed loop management process can be made and the process of produce can be judged on coordination, regulation and efficiency. Through above operation, the aim can be achieved of controlling, improving and promoting the tasks of factory. The premise of achieving the above objectives is to identify the core information flow of the enterprise's manufacturing according to the strategic goals and needs of the enterprise, redesign the structure of the information flow according to the production characteristics of the enterprise and the law of the information flow itself to form an optimized enterprise information flow [3] .
SYSTEM SOFTWARE ARCHITECTURE
The digital workshop MES architecture is divided into the following levels: data acquisition layer, data persistence storage layer, platform model layer, business layer, client presentation layer and interface layer, as shown in the following figure: Data acquisition layer. The data acquisition layer is responsible for collecting the production process data of the on-site PLC, internal resistance test, OCV test and other equipment, and transmitting the collected data to the database for storage via the SCADA data collector. Data persistence storage layer. The data persistence storage layer realizes the storage of production process data and provides realtime query support, including relational database and historical real-time database. The relational database adopts SQL Server products, and the historical real-time database adopts real-time database management system and suite with independent intellectual property rights. The product iHistorian, for real-time acquisition of massive production data with time series characteristics, has extremely high transaction processing capability, data compression ratio and query retrieval speed, and realizes efficient management of massive real-time/historical data. The data stored in the data persistence layer provides data support for the application layer service, and data sharing with other systems through the system integration interface. Platform model layer. Considering the reliability and scalability of the system, the MES service layer component constructs the transaction processing of the MES business logic through efficient event processing services to ensure the efficiency of the MES business process. The MES platform provides a scalable, comprehensive and powerful solution. By digitizing the production process, MES presents a clear and detailed product production process for the company. It not only utilizes the data collected by the real-time/history database, but also provides indepth analysis and reporting of this information. The analysis and reporting are not only analyzed by time, but also by specific events that occur throughout the operation. MES provides a realtime background for production data, enabling efficient integration of MES and ERP and underlying automation systems to implement the functions of the MES system. Business layer. The business layer is based on the basic services of the platform. The functional applications developed according to the business needs mainly implement the management business logic. The business layer adopts SOA technology, which mainly encapsulates the business logic into a service form, which is convenient for different types of applications to call. This system uses J2EE-based service as the carrier of business logic. Display layer. The client presentation layer implements a humancomputer interaction interface, and the application of multimedia programming technology presents information in various forms and provides a user-friendly operation interface. The intelligent factory MES adopts the B/S architecture based on IE browser. For the J-based rich client framework for the more complicated operation process; and the statistical analysis, such as production statistics analysis. The application-oriented application requires rich information expression, which is implemented by HTML5-based scalable multimedia components. A personalized production information portal is established for different types and levels of client access, and a variety of Web information components are integrated. The user can freely define the page content and the layout format, and the portal system can prepare dozens of different functions for the MES system.
The system is open in structure design. The main database supports data communication standards such as ODBC, OLE DB, and OPC. Other applications can access data and events through standard forms. At the same time, production management databases can export data or events to EXCEL and PDF reports. Interface layer. The data integration service built by the intelligent factory MES can use real-time data-level and application-level interactions with other systems of the enterprise such as Webservice services, intermediate databases, XML files, etc. Basing on these methods, we can make MES exchange data to other application systems of enterprises, such as ERP, PDM, WMS.
MAIN FUNCTION MODULE

Resource Allocation and Status Management
This module manages machine tools, tools, personnel, materials, other equipment, and other production entities (such as process documents and CNC machining programs that must be prepared for machining) to ensure proper production.
It also provides a history of resource usage, ensuring that devices are properly installed and operational, while providing real-time status information on resources. The management of these resources also includes the scheduling and scheduling of them to meet the requirements of the production plan.
Process Detailed Scheduling
In the production plan, the module provides job sequencing functions related to the specified production units, such as Priorities, Attributes, Characteristics, and Recipes (optional). The goal is to minimize preparation time in the production process through a good sequence of operations.
This scheduling is based on limited capability scheduling and accurately calculates equipment loading and unloading and adjustment time by considering interleaving, overlapping and parallel operations in production.
Production Unit Allocation
This module manages workflows between production units in the form of jobs, orders, batches, batches, and work orders. When there is an event in the workshop, it is necessary to provide a certain order of scheduling information and perform related real-time operations according to this. The production unit allocation module can adjust the production schedule that has been established in the workshop, process the returned products and waste products, and control the number of work-in-progress at any position by buffer management.
Document Control
This module controls, manages, and communicates information documents related to production units, including work orders, recipes, engineering drawings, standard process procedures, CNC machining programs for parts, batch processing records, engineering change notifications, and communication records between various conversion operations. On the same time, it provides information editing capabilities.
The document control module issues various instructions to the operational layer, including providing operational data to the operator or providing production recipes to the device control layer. In addition, it includes control and integrity maintenance of other important data such as data related to the environment, health and safety systems, and ISO information. Of course, there is also the ability to store historical data.
Data Collection
This feature captures and updates various data and parameters related to production management functions through the data acquisition interface, including product tracking, maintenance of product history, and other parameters. These on-site data can be entered manually from the shop floor or obtained in a variety of automated ways. The time interval of data collection varies greatly and sometimes reaches the accuracy of one minute.
Human Resources
It provides the personal status of the most recent time slice, including time and attendance reports, proof of tracking, and the ability to track indirect behavior, such as material preparation or cost-based tool-to-tool operations. It will interact with the resource request to determine the best allocation.
Quality Management
It provides real-time measurement analysis of the data collected from the manufacturing process to ensure product quality control and marking issues that need attention. It can suggest behaviors to correct the problem, including some associated symptoms, actions, and outcomes to determine the source of the problem. Standard Process Control (SPC)/Standard Quality Control (SQC) tracking and management of downline inspection operations, as well as analysis of Experimental Information Management Systems (LIMS), may also be included.
Product Tracking and Genealogy
It provides visibility into the work that needs to be done Status information can include who is working, the supplier's material composition, batch, serial number, current production conditions, and any warnings, rework, or other exceptions related to the product. The online tracking feature also creates a history. This record allows (provides) traceability of the components and usage of each end product.
Performance Analysis
It provides a report of the latest actual manufacturing operations results, along with past history and expected business results. Execution results include, for example, resource utilization measurements, resource availability, and product unit cycle periods, consistent with schedules and execution criteria. It can include standard process control (SPC) / standard quality control (SQC). The job parameters are measured using information gathered from different functional blocks. These results can be prepared as a report or online to present a current performance assessment
POST-IMPLEMENTATION EFFECT
The system was implemented in Shandong Wina Green Power Technology Co., Ltd. Before implementation, the assembly of the module is basically done manually, and the production capacity, cycle, quality, safety and consistency are not guaranteed. After the automation upgrade and transformation, with the workshop-level MES application, it is estimated that the production capacity has increased by 300%, the one-time pass rate of the product has been increased from the past 50% to 90%, and the whole process quality traceability of the production process has been realized, which greatly promotes the company's quality and efficiency. 
CONCLUSIONS
MES is an important part of modern enterprise informationization, and it is an inevitable choice for the manufacturing industry to improve the workshop management structure and enhance market competitiveness. Since MES is highly correlated with specific production processes and production processes, it is almost impossible to develop a generalized MES, but the basic architecture and functional module descriptions involved in this paper are equally applicable to the development of other MES.
